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Abstract: The regeneration of nerve injuries after oral surgery procedures is a quite often attempted
procedure in dental medicine. Despite several proposed technical approaches, there is still a lack
of consensus on which should be considered the gold standard procedure, even-though in the last
decades, the use of collagen-based devices allowing a tension-free direct neurorrhaphy has been
used. A systematic search of multiple electronic databases and hand searching was conducted to
assess the level of evidence behind the use of type I collagen devices to treat nerve injuries after oral
surgery procedures. After screening, four articles (one case series and three retrospective studies)
including overall 65 patients suffering from inferior alveolar (IAN)/lingual nerve (LN) injury after
mandibular wisdom tooth extraction, met the inclusion criteria and could be included. The Oxford
Centre for evidence-based medicine (OCEBM) scaling system was used to evaluate the quality of
the included studies. Positive clinical results in terms of sensorial improvements were recorded at
least 3 months after surgery, even-though the overall level of evidence is low. The use of collagen
membranes to enhance nerve regeneration in oral surgery results in promising results. Nevertheless,
additional clinical comparative trials with larger sample sizes are needed.
Keywords: trigeminal nerve injuries; mandibular nerve injury; alveolar nerve injuries; nerve
regeneration
1. Introduction
Mandibular wisdom tooth removal is one of the most frequent oral surgery procedures
performed in the clinical practice [1,2]. Nonetheless, this intervention is not free from
complications as widely reported in the literature [3–5]: in particular, trigeminal injuries
might be caused mainly by nerve compression and/or stretching. The incidence is up to 5%
for the inferior alveolar nerve (IAN) [3] and ranges from 0.6% to 2% for the lingual nerve
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(LN) [6]. Recently, a large retrospective university-setting clinical study on 1559 patients,
reported sensorial disturbance in 42 cases (2.69%) with only five cases of persistent sensory
disturbance (0.32%), and four of these five lesions were in the lingual nerve (0.25%) [7].
Consequently, despite the overall low percentage of complications, oro-facial disturbances
cause considerable patients’ morbidity in terms of social disabilities and physical pain
negatively affecting the whole quality of life.
More specifically, as summarized by Coulthard and coworkers in 2014 [8], the impaired
sensation caused by lesions at the inferior alveolar nerve has been classified as:
• Paresthesia—An abnormal sensation, whether spontaneous or evoked.
• Anesthesia—Complete absence of perception of stimuli including touch.
• Dysesthesia—An unpleasant abnormal sensation, whether spontaneous or evoked.
• Hyperalgesia—Increased pain from a stimulus that normally provokes pain.
• Allodynia—Pain due to a stimulus that does not normally provoke pain.
• Hypoesthesia—Decreased sensitivity to stimulation, excluding the special senses.
• Hyperesthesia—Increased sensitivity to stimulation, excluding the special senses.
• The injury to the lingual nerve may also affect taste perception on the same side.
• Ageusia—Loss of taste perception.
• Dysgeusia—Altered taste perception.
At the present time, a multitude of different surgical interventions has been proposed
to treat nerve injuries at the IAN and LN [9], even-though no consensus has been yet
reached [6]. Historically, the use of nerve grafts of autologous origin has been adopted:
indeed, in cases of complete nerve injury where a tight approximation of the two nerve
edges is not possible, the use of an interpositional graft (i.e., sural, greater auricular or
antebrachial nerves) has been propagated mainly with the aim to avoid nerve tension, but
to allow physical reconnection of the two injured nerve sections [10]. Nevertheless, the
use of autologous nerve grafts often resulted in undesirable post-operative sequalae at the
donor site [11].
To overcome these side effects, during the last three decades, the use of hollow devices
by means of a technique called stabilization has been proposed [12]. This procedure in
intended to enhance nerve repair in cases of defects, which do not allow an intimate contact
between the two injured nerve sections by means of a graft material.
Originally proposed with autogenous material by Pogrel and coworkers [13] by means
of the use of the saphenous vein to repair IAN and LN injuries, alloplastic hollow conduits of
different materials such as polyglycolic acid (PGA) bioabsorbable [14], Gore-Tex [15] and PGA-
collagen tubes [16] have been launched to the market. Moreover, the FDA has also authorized
the commercialization of type I collagen medical device to treat nerve injuries at IAN and LN,
considering that they allow an appropriate nutrient diffusion and retention of representative
nerve growth factor [17]. Until now, however, no attempt has been done to summarize the
level of evidence behind the clinical use of such devices oral-surgery procedures.
Therefore, the purpose of the present systematic review was to evaluate the current
evidence of on the use of type I collagen-based devices for mandibular or lingual nerve
injuries regeneration after oral surgery procedures.
2. Materials and Methods
The present systematic review followed the PRISMA-P 2015 statement for reporting
systematic reviews (preferred reporting items for systematic reviews and meta-analyses-
protocols) [18].
2.1. PICO Question
The following detailed and structured question was developed according to popula-
tion, intervention, comparison and outcome (PICO):
• Population (P): Patients suffering nerve injuries at the inferior alveolar/facial nerve
after oral surgery procedures.
• Interventions (I): Microsurgical nerve regeneration approach with type I collagen devices.
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• Comparison (C): Nihil.
• Outcomes (O): Nerve injuries regeneration assessed with patient’s self-reported scale
and/or standardized scales.
2.2. Search Strategy
A comprehensive search of the literature was performed from the inception until
15 March 2021. Multiple electronic databases National Library of Medicine (MEDLINE
(PubMed)), Web of Science (WOS) and Cochrane Central Register of Controlled Trials
(CENTRAL) and open gray website were screened by means of different combination of
medical subject headings (MeSH terms) words. The search strategy was first developed for
PubMed and later adapted for the other databases, according to their specific characteristics
as controlled vocabulary, wildcards, syntax rules and any other search features. Details of
the search strategy are reported in Table 1.
Table 1. Search Strategy (PubMed, Web of Science (WOS) and Cochrane Central Register of Controlled
Trials (CENTRAL).
(“molar, third”[MeSH Terms]) and (“mandibular nerve”[MeSH Terms] or “lingual nerve”[MeSH
Terms]) and (“mandibular nerve injuries”[All Fields]) and (“trigeminal nerve”[MeSH Terms]) or
(“lingual nerve Injuries”[All Fields]) or (“trigeminal nerve injuries”[MeSH Terms]) and (“nerve
regeneration”[MeSH Terms]) or (“nerve”[All Fields] and (“regeneration”[All Fields]) or “nerve
regeneration”[All Fields]) and (“collagen”[MeSH Terms]) and (“Humans”[MeSH Terms])
((“molar, third”[MeSH Terms]) and (“mandibular nerve”[MeSH Terms] or “lingual nerve”[MeSH
Terms]) and (“mandibular nerve injuries”[All Fields]) and (“trigeminal nerve”[MeSH Terms]) or
(“lingual nerve Injuries”[All Fields]) or (“trigeminal nerve injuries”[MeSH Terms]) and (“nerve
regeneration”[MeSH Terms]) or (“nerve”[All Fields] and (“regeneration”[All Fields]) or “nerve
regeneration”[All Fields]) and (“collagen”[MeSH Terms]) and (“Humans”[MeSH Terms]))
(molar, third) and (mandibular nerve or lingual nerve) and (mandibular nerve injuries) and
(trigeminal nerve or lingual nerve Injuries or trigeminal nerve injuries) and (nerve regeneration or
nerve regeneration or nerve regeneration) and (collagen) and (Humans)
2.3. Inclusion and Exclusion Criteria for Study Selection
Only articles published in English, Spanish and Italian languages were taken into consid-
eration. No restrictions regarding gender, age or publication date were applied. In addition, a
manual search of the reference lists of included full text articles and of the journals listed was
conducted. Any in vitro, preclinical and animal studies, single case reports, studies reporting
on data based on questionnaires and interviews, letters to the editors, PhD thesis, conference
proceedings and all studies not meeting the inclusion criteria, were excluded. Details of the
inclusion and exclusion criteria are provided in Table 2.
Table 2. Eligibility criteria applied during the systematic assessment.
Inclusion Criteria
 English, Italian, Spanish language.
 Time range period: from the inception until 15 March 2021.
 Study design: any human clinical studies including at least 5 patients with a follow-up
period of at least 3 months.
 Studies clearly reporting on the use of type I collagen-based devices to treat nerve injuries
after oral surgery procedures.
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Table 2. Cont.
Exclusion Criteria
 Articles published in other languages.
 Articles published after 15 March 2021.
 In vitro and pre-clinical animal studies.
 Review articles.
 Studies not specifically addressing the PICO question.
2.4. Inclusion Criteria for Study Selection
Any clinical human study (randomized clinical trials, prospective cohort studies,
retrospective studies, case series and cross-sectional studies) with at least 5 patients who
underwent microsurgical intervention for the treatment of NAI and/or LN with the use of
a type I collagen device, were included in the present review. Patients had to be followed
for at least 3 months a year after surgical intervention.
2.5. Study Selection
Retrieved data were screened independently by two of the authors (A.R. and P.M.-
M.) using dedicated extraction table sheets prepared during the developing phase of the
protocol. Any disagreement was solved through discussion consulting a third experienced
reviewer (M.F.). Titles and abstracts identified through the search phase, which did not meet
the inclusion criteria or did not provide significant information regarding the investigated
technique, were excluded.
2.6. Data Extraction Process
Data extraction from full-text articles was performed in duplicate by two of the authors
(A.R. and P.M.-M.) Any disagreement was solved through discussion consulting a third
experienced reviewer (M.F.). All retrieved data were then discussed among all authors to
reach consensus.
The following parameters, whenever available, were extracted: authors, year of
publication, study design and setting, number of patients, oral surgery procedure, type
I collagen device applied, adjunctive material, intervention outcomes, follow-up, time
interval between injury and repair and adverse effects.
2.7. Quality Assessment of the Level of Evidence
The same two reviewers (A.R. and P.M.-M.) independently evaluated the methodolog-
ical quality of all included studies using a dedicated quality assessment form according to
the Oxford Centre for Evidence-Based Medicine (OCEBM) (https://www.cebm.ox.ac.uk/
resources/levels-of-evidence/ocebm-levels-of-evidence) (17 March 2021) from level “1” to
level “4”. Moreover, any disagreement was solved through discussion with a third party
(M.F.).
2.8. Data Synthesis
The preliminary analysis of the data revealed an overall low level of evidence and a
high heterogeneity among studies. However, the authors attempted to report the available
data through a qualitative analysis.
3. Results
The systematic screening and selection process is outlined in Figure 1. During the
identification process, 210 records were retrieved. Of these, 209 studies were considered
after duplicates removal. After titles screening, 63 abstracts were analyzed. The full-text
analysis was performed for 26 articles. Finally, 4 studies fulfilled the inclusion criteria and
were therefore included. Details of studies’ characteristics are provided in Table 3.
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3.1. Study Design, Patients’ Characteristics, Cause and Location of Nerve Injury
The four inclu ed studies [19–23] were: one case series and thr e retrospective st ies.
Combini g the sample-size gathered from the four st dies, 65 patients with 64 LN and three
IAN injuries were evaluated. All the included patients suffered nerve injuries following
third mandibular molar extraction. However, it has to be underlined that, even-though
one study [20] included patients who experienced nerve injury after different events (i.e.,
sagittal split osteotomy, local anesthetic delivery, gunshot wound, second molar extraction,
tumor excision and mandible fracture), only patients’ (n = 8) data related to the investigated
procedure, were extracted and reported. All the included studies clearly reported on nerve
disturbances ranging from no dysesthesia, dysesthesia, numbness with/without pain,
complete hypoesthesia, neurotmesis and axonotmesis.
3.2. Time Interval between Injury and Repair and Type I Collagen Membrane Characteristics
The time interval passed between injury and the surgical intervention for the nerve
repair was clearly reported in all the studies with a range from 3 to 36 months. Different
surgical approaches (i.e., external neurolysis, primary neurorrhaphy and excision with
microsurgery) were applied. Intraoperatively, the collagen devices used for the nerve
surgery were in three articles, a collagen type I conduit (NeuraGen Integra LifeSciences,
Plainsboro, NJ, USA) while in one case, a collagen cuff (Neuroflex; Collagen Matrix,
Franklin Lakes, NJ, USA). The follow-up period after surgery ranged from 3 to 30 months.
Appl. Sci. 2021, 11, 3927 6 of 10
Table 3. Characteristics of the included studies, patients, interventions and outcomes.
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AGF: autogenous growth factor; GDNF: glial derived neurotrophic factor; NGF: nerve growth factor; IAN: inferior alveolar nerve; LN: lingual nerve; MRC: medical research council; Y: years; Pat: patients; Les:
lesion; NCM: not clearly mentioned; NM: non mentioned.
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3.3. Nerve Recovering Outcomes and Overall Assessment of the Quality of Evidence
All the included studies reported perception improvement after surgery. More in
detail, Farole and coworkers [19] reported a good improvement in four lesions, four with
some recovering and one with no improvement. In the other hand, Baghery and cowork-
ers [20] found complete return of sensation in 90.5% and no or inadequate improvement
in 9.5% patients. All patients treated by Erakat and coworkers [21] returned to successful
functional sensory recovery. Finally, Wilson and coworkers reported a mean functional
sensory recover of S3+ grade in the medical research council (MRC) scale (superficial
pain and touch without hyperesthesia/good stimulus localization; static discrimination of
7–15 mm). The nerve recovery assessment was the Pogrel’s classification in one study [14],
while three studies used the MRC scale.
All the included studies were categorized as level 4 of evidence according to the
OCEBM (i.e., poor quality cohort and case-control studies).
4. Discussion
The aim of the present systematic review was to assess the level of evidence behind
the clinical use of type I collagen-based devices to treat nerve injuries after oral surgery
procedures. Based on the available literature, only four studies on 65 patients, all of them
with a low-level of evidence, fulfilled the inclusion criteria and could be included.
Microsurgical peripheral nerve repair has been extensively investigated especially
with respect to hand nerve, wrist and brachial plexus [17]. Historically, autogenous
nerve grafts of secondary importance have been used as autografts with good results
in term of sensibility regeneration [23–25]. However, due the high percentage of post-
operative morbidity, loss of function at the donor site and the limited handling related to
the grafted nerve sizes [26], alterative treatment options such as the use of nerve conduits
have become popular in augmentative nerve grafting [27]. Indeed, the use of a conduits
allowed a tension-free direct neurorrhaphy besides avoiding complicated nerve harvesting
procedures [28]. The mechanism behind their use is to create a 3-D chamber to promote
nerve regeneration and at the same time isolate the injured nerve from the surrounding
tissues [29,30]. Among all the various investigated materials (i.e., silicons, PGAs and
collagens), the scientific interest on the use of collagen devices have increased due to their
characteristics such as maximal biocompatibility, the ability to stimulate different cell types
adhesion and to guarantee a long-term cell proliferation [31,32]; nonetheless its use has been
proved to be effective mainly in small nerve injury defects (i.e., up to 20 mm) [17]. Despite
the level of evidence gathered from the animal model models [32,33], only few clinical
studies have tested its reliability in a clinical model with positive promising short-mid-term
results in term of functional sensory recovery [34,35]: in particular, Farole et al. [19] (i.e.,
8/9 patients) and Erakat et al. [21] (i.e., 22/22 patients) reported significant improvement
in terms of functional sensory recovery.
In the literature there is very little evidence of retrospective/prospective studies
comparing different grafting materials: on this topic, Wilson and coworkers [23] reported
clinical data from a retrospective study on 43 patients treated whether with a collagen
conduit (NeuraGen) or with a porcine small intestinal submucosa conduit (AxoGuard)
after LN injury. At the latest follow-up examination, no statistically significant differences
in terms of achieved functional sensory recovery (FSR) were recorded, which leads to the
conclusion that both treatment modalities might be reliable options.
Irrespective to the selected surgical intervention, one aspect that has been proved to
be crucial to increase the chances of sensory recovery is the timing: indeed, as reported
by Kushnerev and Yates [9], surgery is indicated if neurosensory deficit does not show
any improvement 3 months after injury. When evaluating the results obtained from the
included studies, despite the wide reported time range (i.e., 2–36 months), all treated
patients underwent surgical intervention at least 2 months after injury: therefore, it seems
recommended to postpone the decision to surgically treat these injuries after this time lapse.
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Due to its promising results in the oro-facial district, the use of type I collagen devices
has gained interested in the in orthopedic surgery with a high interest in the rehabilitation
field. To date, Lee and coworkers [36] evaluated the effect of wrapping bioabsorbable nerve
conduit around primary suture repair on motor nerve regeneration in 40 rats. These latter
were randomly allocated into two experimental groups according to the type of repair of
the rat sciatic nerve: group I (primary suture repair) and group II (primary suture repair
plus bioabsorbable collagen nerve conduit (NeuraGen® 1.5 mm, Integra LifeSciences Corp.,
Plainsboro, NJ, USA) wrapped around the repair). However, at 12 weeks, no significant
differences in the percentage of recovery between the two groups.
On the other hand, Rbia and coworkers [37] have recently demonstrated that digital
nerve gap reconstruction with the NeuraGen type I collagen nerve conduit (Integra Life
Sciences, Plainsboro, NJ, USA) might be effective in humans in terms of reconstruction of a
digital nerve gap < 2.5 cm at a minimum of 12 months of follow-up.
The present systematic review presents some limitations: firstly, even-though a strict
search of the literature was performed, it must be reported that literature screening could
have been extended to additional databases and performed with no language restrictions.
However, the authors consider the chance of missing important data low. In addition, grey
literature was not screened. Furthermore, it must be underlined that only four studies
could be detected, precluding from any clinical recommendation. One possible explanation
of the limited level of evidence is that patients’ enrollment and recruitment for well-design
RCTs might be extremely challenging since nerve injuries after oral surgery procedures are
quite rare events. Moreover, due to the lack of consensus on the micro-surgical treatment
options, a reference standard of care to be used as positive control is difficult to be set.
5. Conclusions
Currently, the use of biodegradable artificial nerve conduits devices made of collagen
type I might represent an alternative treatment modality in cases of IAN and LN injuries,
even-though with a limited scientific support gathered from a few numbers of included
studies. Conventional treatments based on micro-surgical transplantations of autologous
grafts are still the most used. Additional clinical randomized clinical trials are needed.
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